GLOBAL PRECIPITATION MEASUREMENT (GPM) MICROWAVE IMAGER
(GMI) PRE-FLIGHT CALIBRATION PERFORMANCE
David Draper and David Newell
ddraper@ball.com, dnewell@ball.com
Ball Aerospace & Technologies Corp., 1600 Commerce St., Boulder, CO 80301
IR camera image 20 seconds after lamp turn-on (left) and
60 seconds after lamp turn off (right)

1. GMI INSTRUMENT

The GMI hot load is designed with shrouding to mitigate the risk of
solar intrusion. Also, the lower frequencies (10.65 GHz - 36.64
GHz) incorporate noise diodes in the RF path. The noise diodes inject excess noise which act as additional calibration points to monitor non-linearity and serve as a backup to the hot load in case the
hot load experiences anomalies. [6]
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4. RADIOMETRIC CALIBRATION

The validated thermal model for the GMI hot load simulates onorbit thermal conditions to predict the RF-observed temperature in
the on-orbit configuration. The test-validated predictions afford the
creation of an on-orbit correction based on the hot load temperature
and hot load tray temperature.
GMI predicted brightness temperature for an orbit.

2-point calibration— For all channels, a cold and hot view are
available, along with ground-measured nonlinearity to generate a
quadratic relationship between raw data and brightness temperature.
4-point calibration— For 10.65—36.63 GHz channels, during normal operations, 4 calibration points are available: the cold view,
cold + noise view, hot view, and hot + noise view. These four calibration views allow for direct computation of the gain, offset, 2ndorder non-linearity, and noise diode excess temperature. The nonlinearity and noise diode excess temperature are trended over the
life of the instrument.

The GMI Instrument is a conical scanning spaceborne radiometer.

Hot Load back-up— In the case of hot load solar intrusion, the
cold + noise measurement using the trended noise diode excess temperature can substitute for the hot load measurement, allowing for 2point calibration to be performed without the hot load.

It contains thirteen channels including the frequencies 10.65 GHz, 18.7
GHz, 23.8 GHz, 36.64 GHz, 89 GHz, 166 GHz, and 183.31 GHz [1].

Example of 4-point calibration (highly exaggerated)

The GMI Instrument is currently in observatory testing. NASA’s
Goddard Space Flight Center plans to launch the first GMI flight
unit in 2014 with the Dual-frequency precipitation radar. [2]
The GMI is calibrated using an on-board cold sky reflector and a
blackbody hot load with embedded temperature sensors. Also, the
10.65 through 36.64 GHz channels incorporate noise diodes which
allow for on-orbit nonlinearity measurements and a backup calibration method. [3]

2. HOT LOAD CALIBRATION
On-orbit hot load gradient correction based on the testvalidated thermal model.

5. GROUND CALIBRATION RESULTS
The GMI radiometric performance was tested in a thermal vacuum
chamber using an external calibration system. The test afforded
characterization of 1) the instrument non-linearity, 2) hot load performance, and 3) noise diode performance. The results of the GMI
brightness temperature compared to the external targets are show
below.
Error between GMI-observed brightness temperature and
the external calibration targets.

Understanding the how the hot load PRT measurements relate to the
radiometer-viewed surface brightness temperature is key to accurate
instrument calibration [4-5]. The hot load faces a rotating tray to
keep solar intrusion from impacting the target performance, making
radiative coupling from the tray itself is the main contributor to gradients in the target. Using a calibration target with the same construction as the GMI hot load, we illuminated the surface with an IR
lamp and viewed the target in both the IR and at 36 GHz. The gradient test, along with results from the GMI thermal vacuum calibration test allowed us to validate a high-fidelity thermal model of the
GMI hot load.

3. ANTENNA CALIBRATION
Two main sources of calibration error arise from the antenna:
1.Emission from the reflector, especially at mm wavelengths [4], [7]
2.Uncertainty in spill-over characterization. [6]
To avoid the reflector emissivity issue, the GMI team has worked
closely with reflector coating vendors along with performing independent coating emissivity / conductivity tests to ensure that the reflective coating will not exhibit emissivity problems similar to other
instruments. The coating withstood thermal vacuum cycling and
acoustic testing with no deterioration in the surface conductivity. In
addition, the temperature of the reflectors surface will be directly
measured to correct the temperature contribution from the reflector.
For the spill-over characterization, the front lobe of the antenna patterns is measured using a near field range for each GMI channel.
The GMI backlobe is analytically determined using Method of Moments (MoM) using measured feed patterns and a model for the reflector and strut geometries for the channels with large backlobes
(10.65, 18.7 and 23.8 GHz channels). For channels with small
backlobes, the less accurate, but more computationally efficient
physical optics method is employed. The total radiation patterns are
created by combining the front and back lobes analytically.

6. REFERENCES
[1] D. A. Newell et al., “GPM microwave imager instrument design and predicted performance,” in Proc. IGARSS, 2007, pp. 4426–4428.
[2] “Global Precipitation Measurement,” [Online]. Available: http://www.gsfc.nasa.gov.
[Accessed: Jan 28, 2010].
[3] J. B. Sechler, “GPM microwave imager selected calibration features and predicted
performance,” in Proc. IGARSS, 2007, pp. 5237–5239.
[4] D. B. Kunkee et al., “Special sensor microwave imager sounder (SSMIS) radiometric calibration anomalies—part 1: identification and characterization,” IEEE Trans.
Geosci. Remote Sens., vol. 46, no. 4, pp. 1017–1033, Apr. 2008.
[5] E. M. Twarog et al., “WindSat on-orbit warm load calibration,” IEEE Trans. Geosci.
Remote Sens., vol. 44, no. 3, pp. 516–529, Mar. 2006.
[6] T. Meissner, and F.J. Wentz, “GMI Calibration Algorithm and Analysis Theoretical
Basis Document”, Remote Sensing Systems, Santa Rosa, CA, Rep. 051707, 2009.
[7] F. J. Wentz et al., “Post-launch calibration of the TRMM microwave imager,” IEEE
Trans. Geosci. Remote Sens., vol. 39, no. 2, pp 415–422, Feb. 2001.

